The purpose of a crown is to cover or "cap" a damaged tooth. Metal crowns are casted using lost wax technique while the latest zirconium crowns are fabricated by CAD-CAM Technique. The surface smoothness of crown is important for long-standing dental restorations since it directly affects the clean ability and retention of microbes. Rise in bacterial cell attachment occurs with an increase in the surface roughness, inducing plaque accumulation which results in periodontal tissue inflammation and accelerated antagonist wear. The ultimate aim of this research study is to achieve the optimum surface roughness of dental porcelain crown by finishing the unglazed crowns using the process of Magnetorheological Fluid based Finishing Process. The surface finish thus achieved by finishing was better than the measured surface finish of the glazed surface in all the cases except with machining gap of 200 µm.
Introduction
Cell and tissue adhesion is a major factor in the augmentation of new biomaterials, especially in the dental fields (Brunot-Gohinaet al. 2013) . A wide range of materials including gold, palladium, nickelchromium and ceramics have been used for restoration of teeth over years. Ceramic materials were first used in dentistry in 1728 by Faucher to restore teeth (Ahed-Al Wahadni, 2006) . Their use in oral cavity overshadowed the metallic materials because they enhanced aesthetics and maintained merits of oral rectification. Indeed, it offers great biological assimilation of fillings as well as long term quality of fixed dental prosthesis.
Metal ceramic crowns are long entrenched crowns used in fixed dental prosthesis. These are considered strong and durable, also referred to as porcelain fused to metal crown. They consist of a metal cage with ceramic coping. The metal interior is made of different metal alloys, which provide strength to the crown.
Currently, WIRON 99 which is a beryllium free Non-precious alloy for metal-to-ceramic work is used, having composition -Ni 65, Cr 22.5, Mo 9.5, Nb 1, Si 1, Fe 0.5, Ce 0.5 and C max 0.02 in percentage by weight.
The modern dental ceramic is a composite structure made of a glass matrix with highly or lightly filled crystalline particles. The glass provides the translucency; hence contribute to aesthetics while the fillers provide the strength (Srividyaet al. 2010) . Porcelain fused to metal crowns are fabricated using lost wax technique, the ceramic used is Leucitereinforced Feldspathic porcelain (KAlSi 2 O 6 ), which is potassium aluminium silicate mineral formed by (Si,Al)O 4 tetrahedral . It has higher content of leucite which leads to high modulus of rupture and compressive strength. (Mrazova and Klouzkova,2009) It is fairly common for clinicians to adjust the porcelain surfaces of dental prostheses which aid in occlussal discrepancies. The change in surface roughness aft alters different surface erosive behaviour. It has attracted the attention of clinicians in relation to wear of opposing teeth or restorative material, strength, plaque accumulation, and appearance of the restoration.
Numerous studies have highlighted the importance of coating and polishing dental ceramic surfaces, especially after occlusal adjustment, for achievement of adequate physical properties of the restoration. (Raimondoet al.,1990) Many materials like diamond paste, aluminium oxide paste and silicon carbide paste are used to produce a surface finish comparable to that of glazed porcelain.
Glazed porcelain is the restorative material that least promotes plaque accumulation and allows plaque to be easily eliminated. Glazed porcelain can also duplicate natural tooth surface lustre and characterization. (Swaroopkumar. M, 2012) , while it is generally agreed that glazed ceramic provides the favourable surface finish. A number of methods have been recommended for refinishing the ceramic surface to a respectable finish. Haywood et al. (1988) have shown that glazed ceramic provides a smooth and dense surface and that a polishing series can produce an equally smooth surface, which is aesthetically better than a glazed crown.
It has also been recommended that there is an added benefit to polishing. The fracture toughness of polished porcelain has been shown to be greater than that of glazed porcelain (Rosenstiel, 1989) . If all this is in fact the case then being able to polish adjusted porcelain restorations would make our lives much simpler, as we would not then have to put up with the inconvenience of having to continually be sending work back to the laboratory for reglazing.
There is still considerable controversy concerning the best method to achieve the smoothest and strongest porcelain restorations after such adjustments.
Comparative analysis between Glazed and
Finished Crowns A literature survey was done to compare the differences between glazed and unglazed crown surfaces. Al-Wahadni and Martin (1998) investigated the different processes used to polish the crown surfaces and measured the surface roughness obtained in those processes. They found that various studies supported the use of polished surface over the glazed surface. Raimondoet al.(1990) compared the finishing obtained by four different polishing paste systems with the finishing of glazed surfaces of porcelain crown. They found that the finish obtained by two polishing techniques was equal or better than by glazing. However, they also concluded that not all the polishing techniques were better or comparable to glazing, and the polishing techniques should be chosen cautiously. Jacobi et al. (1991) investigated 6 different types of ceramic surface to show polished porcelain to be less destructive to tooth structure in the opposing arch than glazed porcelain. It was also concluded that polished porcelain is more wear resistant when compared to glazed porcelain proving it to be a better alternative. Jung et al. (2010) conducted in-vitro experiments with 240,000 chewing cycles to find out the wear of natural tooth by opposing polished crown and polished then glazed crown. A wear of 0.078 ± 0.063 mm 3 was found in opposing teeth of polished and glazed crown as compared to a wear of 0.031 ± 0.033 mm 3 in teeth opposing polished crown. Considerably less wear was found in tooth opposing polished crown compared to glazed crown. Mitovet al.(2012) conducted in vitro experiments to study the wear behaviour of crown against enamel using different finishing techniques. They carried out their analysis for four different types of finished surfaces including glazed and polished surfaces. The materials were tested against the Willytec chewing simulator for 120,000 cycles and 5 kg weight. They concluded that finishing technique has significant impact on enamel wear and that lowest antagonist wear was caused by polished and that the resulted wear was not significantly different as compared to glazed . Janyavulaet al.(2013) also conducted an in vitro study to find the wear and roughness of polished, glazed and polished and then glazed against enamel antagonists. They measured the initial roughness values obtained from different finishing techniques and measured volumetric wear after intervals of 200,000 and 400,000 cycles. The surface roughness of Polished Crowns was the least (0.17 ± 0.07 µm) compared to Glazed (0.76 ±0.12 µm) and Polished then reglazed (0.69 ±0.1 µ m). It was found that polished crowns have the lowest Volumetric Wear (0.17 ± 0.07 mm 3 ) compared to Glazed (0.76 ± 0.12 mm 3 ) at 200,000 cycles. At the same time, the volumetric wear of opposing ceramic (polished) was also found to be very less (0.11 ± 0.04 mm 3 ) than its glazed counterpart (0.87 ± 0.21 mm 3 ). It was concluded that highly polished artificial crown is a better alternative than its glazed counterpart.
Magnetorheological Fluid based Finishing (MRFF) Process
For finishing crown surfaces, we used the Magnetorheological Fluid based Finishing (MRFF)process, to achieve the desired surface roughness. (Sidpara and Jain, 2012 ).This process is used for nanofinishing of complex geometries using magnetorheological polishing fluid. MR fluid changes its rheological properties in the presence of magnetic field which allows the control of finishing forces and thus the surface finish (Jha and Jain, 2004) .Magnetorheological polishing fluid used in the project for finishing of dental crowns consisted of Carbonyl Iron Powder (CIP) and Silicon Carbide(SiC) abrasives dissolved in glycerine and water. The concentration used in the experiment was kept constant at 37% CIP, 15%SiC Abrasive, 40% Water and 8% Glycerine. Glycerine was added as a stabilizer to avoid sedimentation and agglomeration of CIPs and abrasive particles (Sidpara and Jain, 2009) .
The finishing was done using two different mesh size of abrasive SiC. On applying magnetic field, the carbonyl iron particles form a chain like structure with abrasive particles embedded in between them. The flow of MR fluid over the surface causes removal of material from work piece by the abrasives which results in finishing of the surface.
Experimental set up designed for finishing of free form surface was similar to one used by Sidparaet al (2012) .Due to irregular nature of the surface of dental crown, a tool similar to vertical milling machine tool was used so as to ease manoeuvrability and machine the teeth completely. The tool used is a cylindrical permanent magnet enclosed in a nonmagnetic brass fixture tightened with a locking screw in the machine spindle. This tool was fixed to a 3-Axis CNC milling machine wherein it is provided th International & 26 th All India Manufacturing Technology, Design and Research Conference (AIMTDR 2014) December 12 th -14 th , 2014, IIT Guwahati, Assam, India
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continuous movement in the x-y plane to cover the whole surface.
Experimental Setup
The first part of the study involved measurement of surface roughness of the commercially available dental crowns. A Roughness Tester (Surftest SV-2100M4, Mitutoyo, Japan) (Fig. 2) was used for this purpose. The crown was attached to a vice to keep it stationary for the measurement. A sample length of 0.5 mm was used owing to the irregular shape of the artificial crown.
Roughness measurements were taken for 6 different samples (2 glazed, 4 unglazed crowns), on front side of the crown at a specified location along 2 axes to get a value for surface roughness (Fig. 3) . For the purpose of complete analysis of the surface, values of R a and R q were taken, and compared.
The machining of surface of the crown was performed on a 3-Axis CNC machine using medium in the form of a brush (Fig. 4) . Silicon Carbide (SiC) of different mesh sizes was used as an abrasive. The Magnetorheological Fluid prepared contained 15% abrasive (Silicon Carbide) particles in a solution with 37% CIP (Carbonyl Iron Particles), 40% water and 8% glycerine. Abrasive (SiC) of mesh size 320 was used for the first one hour of machining while mesh size 800 was used for the second one hour. All other variables were kept undisturbed for the same sample. The tool was rotated at a speed of 1000 rpm and feed was given in the x-y plane at 10mm/min in order to reach the whole surface of the crown. The gap between the machining tool and crown was varied from 200 µm to 500 µm in steps of 100 µm from sample 1 to sample 4.
Due to small and irregular surface of the crown a special fixture was prepared for holding the crown intact during the machining process. The fixture comprised of hinged mount to keep the machining surface horizontal irrespective of the shape of the crown (Fig. 1) . A support was given to the crown to provide the normal reaction and cancel out the vertical component of force during machining process. (Sidpara and Jain, 2013) 
Results and Discussions
The variation of roughness over the surface for the glazed crowns (Fig. 5 ) and unglazedcrownbefore machining (Fig. 6) are shown. Figs.7a-7d show surface roughness variation in x -and y -directions after machining for 1 hour and 2 hours. The magnification scale used for the figures is 5k for unfinished samples while it is 10k for the finished samples. Roughness parameters R a and R q were measured to get better understanding of surface and the cavities present in it. Figure 8 shows a magnified image of finished spot on the crown.
The surface roughness observations for samples are presented in Table 1 and 2. In order to find out the optimum gap for machining of porcelain surface, the values of R a and R q have been plotted against machining time in Figures9a-9d .
The surface finish obtained after finishing the unglazed samples by Magnetorheological Fluid Based Finishing was significantly better than the surface finish of the glazed dental porcelain crown. From the literature survey, it was deduced that the polishing is a better alternative to glazing.With improving surface roughness, the plaque formation on the crown decreases, increasing the life of the crown along-with improving hygiene and aesthetics. The minimum surface obtained by finishing by MRFF process was for a gap of 0.5 mm. The surface finish obtained after finishing the sample for 1 hour was also good and came to be R a = 34 nm. However, this value was obtained for a sample for which the initial roughness had been less (R a = 1.444 µm), compared to initial roughness of other samples which had been more than 2 µm.
The surface obtained by finishing crowns by MRFF for two hours had a better R a value compared to the surface roughness of glazed crown except for finishing done at a gap of 0.2mm. The maximum surface roughness of the glazed crown was R a = 0.097 µm while the minimum Ra was 0.090 µm.
The relative change in the values of roughness of crowns was the best for the tool-workpiece gap of 0.4 mm closely followed by 0.3 mm. Of the values measured, only R q along y-axis was less for Sample 3 (machined with a gap of 0.3 mm) which might be due to high initial surface roughness of sample 2 (machined with a gap of 0.4mm).
However, due to irregular surface of crown the whole surface could not be polished by 3-axes CNC machine as shown in the Figure 8 . Also, surface finish obtained was not constant throughout the machined surface and significant variation was noticed over the surface. Although these disparities can be overcome by uniform rotation of the work piece while machining, this can be achieved using a 5-axes CNC. 
Conclusion
The Literature Survey concluded that polishing is more hygienic and durable than glazing if the technique is chosen carefully.The experiments established 0.4 mm to be the optimum gap for polishing of the metal ceramic crowns with the above MR Fluid of specified composition and for similar duration as in the experiment.
